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T here is evidence that epidermal keratinocytes play a critical 
ro le in melanocyte position and differentiation in the epider-
mis, although little is known about the molecular mecha-
nisms involved . W e have used an in vitro skin equivalent as a 
model system in which to study keratinocyte/melanocyte 
interactions in both fetal and neonata l skin. Because the skin 
equivalent model has been shown to closely simulate the 
morphologic and biochemical features of differentiated epi-
dermis we hypothesized that the factors that influence mela-
nocyte position and differentiation would also function in 
this system. Localization of melanocytes in skin equivalents, 
using the monoclonal antibody HMB-45, established that 
melanocytes in fetal skin equivalents are grouped and distrib-
D uring deve lopment ofl1Uman sk in , melanocytes mi-grate from the neural crest to the epidermis, via the dennis (reviewed in [1 ]). Although both the number and position of melanocytes in the epidermis is ini-tiall y dynamic [1 ,2], melanocytes eventua lly come 
to reside in the basal layer of the adult epidermis, regularly inter-
spersed amon~ keratinocytes in a structure known as the epidermal-
melan in unit [3]. There is evidence that interactions among kerati-
nocytes and melanocytes regulate both growth and differentiation 
of melanocytes [4] and that th ese interactions are mediated by 
growth factors [5]. A number of questions remain, however, particu-
Manuscript received October 23, 1989; accepted for publication May 16, 
1990. 
This work was presented in part at the Society for Investigative Dermatol-
ogy annual meeting , 1989 and was supported in part by NIH Training Grant 
in Dermatological Research AR 07472. 
Reprint requests to: Dr. Anne R. Haake, Univers ity of Rochester, Derma-
tology Department, 601 Elmwood Avenue, Box 697, Rochester, New York 
14642. 
Abbreviations : 
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FCS: feta l calf serum 
KGM: keratinocyte growth medium 
MoAb: monoclonal antibody 
OCT: optimal cuttin g tempera ture compound 
PG: proteoglycan 
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uted both basally and suprabasally, w hereas melanocytes in 
neonatal skin equivalents are singly distributed among basal 
epidermal keratinocytes, similar to the distributions of fetal 
and neonatal melanocytes, respectively, in vivo. Similarl y, in 
fetal and neonatal skin equivalents the patterns of expression 
of a number of melanoma/melanocyte-associated antigens 
closely para llels that seen in vivo. These results suggest that 
the skin equivalent model is an excellent system in which to 
study the dynamic fac tors that regulate mel anocyte migra-
tion, proliferation, and differentiation during ontogeny and 
post-natal differentiation of the skin. J Invest Dermatol 
96:71-77,1991 
larl y regarding control of th e d istribution and proliferation of mela-
nocytes w ithin fetal and neonatal skin. 
Recent ly, it has been shown that melanocytes remain physiologi-
ca ll y organized in the basal cell layer in keratinocyte(melanocyte 
co-cul tures grown in th e absence of dermis, but only when the 
kcrari nocytes are of epidermal rather than mucosal origin [4]. Be-
cause it is li kely that the state of differentiation of keratinocytes 
influences keratinocyce( melanocyte interactions we have studied 
melanocytes in an in vitro skin equivalent, a model that has a func-
tion al dermal compon~nt and an e!Jidermis, which in many respects 
closely represents differentiated epidermis in vivo [6]. We have 
adapted this model, which has been used extensively to study kera-
tinocyte differentiation, to study melanocyte/keratinocyte interac-
tions. It is an ideal in vitro model, because a dynamic stratified, 
differentiating epidermis should provide an environment suitable to 
recapitulate the in vivo cellul ar interactions. We hypothesized that 
melanocytes in the skin eg uivalent would be differentiated in a 
manner simi lar to melanocytes in vivo. 
To detect the ~xiste nce of developmentally regulated keratino-
cyte/melanocyte mteractiOns, we have examined the position and 
differentiation of melanocytes in both fetal and neonatal skin equiv-
alent models. Co-cultures of fetal keratinocytesjmelanocytes and 
neo nata l keratinocytesjmelanocytes each have been grown onder-
mal eq uivalents constructed w ith neo natal derma l fibroblasts . Anti-
melanoma antibody (HMB-45) is used to identify melanocytes and 
determine their position within these cultu res. HMB-45 recognizes 
a cytoplasmic anti gen chat is expressed on neonatal ;md feca lmelano-
cytes even in the absence of melanosome differentiation [1] . This 
characteristic provides the advantage of recogni cion of melanocytes 
th at ma y not be detected by techniques such as L-dopa staining that 
requires functiona l differentiation of the melanosome. To investi-
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gate the functional and ultras tructural morpholo gy offetal melano-
cytes w ithin th e skin equivalent, a combined dopa oxidase/ultra-
structural study (Dopa-EM) was performed. 
T he differentiation of the melanocytes in co-cultures, skin equiva-
lents, and in vivo was determined using a panel of monoclonal 
antibodies directed a gains t me I a noma j melanocyte-associated anti-
gens. Many of the antige ns recognized by these monoclonal antibod-
ies , such as the disialogangliosides, G 0 2 , and G03 , show differentia-
tion-specific express ion among cultured melanocytes, melanocytes 
in vivo, and melanoma [7J. T hus, localization of these antigens is 
valuable in assessing the state of differentiation of melanocytes in 
this mode l system and in followin g the expression of molecul es th at 
may fu nction in melanocyte growth and differentiation. 
MATERIALS AND METHODS 
Primary Cell Culture Human fetal skin from elective abortions 
and neonatal foreskins are obtained accordin g to the University of 
Rochester Research Subj ects Review Board. The estimated gesta-
tiona l age (EGA) of fetal ti ss ues is identified using th e estimated 
da tes from th e maternal history, ultrasound data, and fetal foot 
length, as p reviously described [8]. For both fetal and neonatal 
skin, epiderm is is separated from dermis foll owing incubation in 
Dispase (15 units/ml fin al conce ntration; Collaborative Research, 
W altham, MA) overnight at 4 °C. Epidermal sheets are rinsed in 
calc imn-magnesium-free phosphate buffered saline (CMF-PBS) 
and dissociated into sing le cel ls fol lowing incubation in trypsin 
(0.25%) for 5 - 15 min at 37"C. Epidermal cells are coll ected by 
centrifugation and pl ated in 75 cm 2 ti ssue culture flasks in Kera-
tinocyte Growth Medium (KGM; C lonetics, San Diego, C A) in the 
absence of serum . Previous studies have es tablished that both fetal 
[9] and neonata l [ 1 OJ epidermal keratinocytes maintain the abi lity to 
express several characteristics of differentiation when grown in this 
serum-free system. In this study, primary epidermal cell cultures 
th at show growth of both keratinocytes and melanocytes (co-cul-
tures) are used, as described below, for skin equivalents. Epidermal 
cell s are also plated in two-chamber slides in KGM for immunoper-
oxidase staining of monolayers with monoclonal antibodies di-
rected against melanoma/melanocyte-associated antigens. 
Dermal pieces from neonatal foresk ins are incubated in Co ll ag-
enase (0 .35%; W orthin gton, Freehold, NJ) for approximately 30 
min , and dissociated cells are coll ected by centrifu gation. D ermal 
fibrob lasts are plated in RPMI (Hazelton, Lenexa, KS) + 10% fetal 
ca lf serum (FC S). 
Skin Equivalents Dermal equivalents are made by incorporating 
neonatal derma l fibroblasts from cultures of passages 1 - 4 into a 
co llagen latt ice for both the fetal and th e neonatal skin equivalent 
models. Eac h dermal eq uiva lent is form ed by combining 1.5 ml rat 
tail coll agen Type 1 (Collaborative Research, Bedford, MA) , 
0.25 ml, 0.1 N N aOH, 1 ml serum-free RPMI , and 1 ml heat-in-
activated FCS with 1 ml suspended dermal fibroblas ts (106 fibro-
bl as ts/ml in serum-free RPMI) and dispensing in to a 35-mm dish. 
Dermal equivalents are allowed to gel and contract at 37oC and 
w ithin 24 h are seeded w ith suspensions from primary epidermal 
cultures (fetal or neonata l) at a density of approximately 105 cells/ 
derma l equivalent . Two to four hours after seeding, sk in equivalents 
are fed w ith D ulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% FCS, hyd rocortisone, bovine pituitary extract, 
penicillin, streptomycin, and fungizone. Both fetal and neonatal 
epiderma l cell s are all owed to grow submerged for 6-10 d, and skin 
equi va lents are raised to the air-liquid interface by rafting onto wire 
grids as previously described [11] . Skin equiv alents are rafted for 
1 - 2 weeks to allow for stratification and are snap-frozen with iso-
pentane in optimal cuttin g temperature com pound (OCT) or fixed 
in 10% neutral-buffered forma lin and embedded in paraffin for 
immunocytochemica l loca liza tion of melanoma-associated anti-
gens. 
A rota! of seve n skin equivalents from four fetuses and 17 skin 
equi va lents from six foreskins showed good stratification and were 
used for the study. All four fetal specimens were 17 weeks EGA; 
sk in samples fro m scalp skin (n = 3) and trunk skin (n = 1) were 
used. 
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Localization of Melanoma/Melanocyte-Associated Antigens 
Monoclo nal antibodies (MoAb) used include M oAb HMB-45 
(1: 20,000 dilution, Enzo, N ew York, NY) , which recognizes a 
7 - 10 kD peptide in melanoma cell extracts [12, 13], MoAb 313 
(1: 10) against a chondroitin sulfate proteoglyca n (PG) , MoAb 961 
(1: 10), which recognizes p97 , MoAb 13-17 (1 : 10) against HLA-
DR, and MoAb 36.1 (1 : 10) against th e disialoga ngli osides G 02 and 
G03 . With th e exception of MoAb HMB-45 , the MoAb were gen-
erous gifts of Dr. Mee nh ard Herl yn of the Wistar Institute. 
For th e demonstration of MoAb 313, 96 1, 13-17, and 36.1 , fro-
ze n sections were used. Alternate slides from serially sectioned skin 
equiva lents were stained with HMB-45 to ensure that melanocytes 
were present. Five-micron-thick frozen sections of skin equivalents 
or two-chamber slides of cu ltured cells are fixed in cold acetone and 
rinsed in C MF-PBS. Following blocking with non-immune serum, 
primary antibodies are applied t? sections and incuba t~d f~r 30 min 
at room temperature. After nnsm g, antibody local!zat1on 1s accom-
plished through an av idin-biotin peroxidase system th at uses 
aminoethy l carbazole as chromogen (Zymed, S. San Francisco, CA). 
T o quantitate melanocytes within the fetal and neonatal skin 
equivalents, individual high-power fi elds (0.5 mm in diameter) 
from HMB-45 stained sections were analyzed. Melanocytes and 
basal keratinocytes were counted in 44 fie lds from sections of five 
neonatal skin equivalents and 22 fi elds from sections of three fetal 
skin equivalents. The ratio of melanocytes to basal ker3tinocytes 
was determined for each field. 
Ultrastructural Localization of Dopa Oxidase Ultras truc-
tural localization of dopa oxidase was performed as previousl y de-
scribed (14]. Briefly, a feta l skin equivalent was fixed in situ at room 
temperature for 30 min in 1% glutaraldehyde/4% para formalde-
hyde after bem g rafted for 1-2 weeks. The epidermis was detached 
from th e dermal equiva lent and was washed in sodium cacodylate 
buffer (0.1 M ~H 7.2) and th en incubated at 4 o C overnight (approx-
mutely 15 h) 111 that buffer containing L-dopa (5 mM). The solu-
tions were d1scarded, fresh L-dopa was added, and the tissue was 
incubated at 37"C for an additional 5 h. The tissue was th en washed 
with sodium cacodylate buffer and prepared for electron micros-
copy. Electron 1mcroscopy was .Perform ed using th e "pop-off" tech-
mque as prev1ously descnbed [15] . Sections were stained with ur-
anyl acetate and lead citrate and examined using a Hitachi HS-8 
electron microscope. 
RESULTS 
Morphology of Fetal and Neonatal Skin Equivalents Com-
panson of. feta l and neonatal skin equivalent epidermis showed 
stnkmg differences, ye t each was similar to its in vivo counterpart. 
The ep1denms of th e feta l skin equivalents (Fig lA) was stratified 
With three to four cell layers, with the outermost cell layers hi ghly 
fl attened or parakeratotic in most cases. There is no differentiated 
stratum corneum in the fetal skin equivalent epidermis, similar to 
th e morph ology of fetal scalp epidermis in vivo at 17 weeks of 
gestation (nots how n) . In contras t, the morphology of neo natal skin 
equ1 valent ep1derm1s (F1g 1B) closely resembl es neonatal foreskin 
epidermis in vivo (not shown). C haracteristicall y, th e neonatal skin 
equivalent has a stratified epidermis with a basal laye r, spinous layers 
and well-differentiated stratum corneum. 
Localization of Melanocytes in Skin Equivalents Melano-
cytes are identified in mon olayer co-cultures from both fetal and 
neonatal epidermis, in fetal and neonatal skin equivalents, and in 
fetal and neonata l skin in vivo by use of the monoclonal antibod ' 
HMB-45. Exampl es of keratinocyte/melanocyte co-cultures from 
17 -week fetal epidermis and neonatal epidermis th at were used to 
establi sh skin equ ivalents are shown after staining with HMB-45 
(Fig 2A,B). Melanocytes of bipolar and dendritic morphology are 
ide ntified within th ese cultures . Dendritic melanocytes are often 
situated on top of keratinocy te monolayers, extendin g processes to 
keratinocytes. 
Comparison of fetal and neonatal skin equivalents reveals differ-
ences in the position , grouping, and abundance of melanocytes 
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Figure 1. Morphology of fetal and neonatal skin equivalents. Fetal skin 
equivalent (A) established from a 17-week gestational age fetus displays a 
basal layer and an epidermis composed of 2- 3 cell layers. Note the absence 
of a stratum corneum. The neonatal skin equivalent (B) shows a well-formed 
basal layer, a stratified epidermis, and a well-formed stratum corneum (Bar, 
15 J.L) . 
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w ithin the epidermis (Table I) . H MB-45-positive melanocyres in 
th e fe tal skin equiva lents were consistently situated both in basal and 
supra basa l positions in the epidermis (Fig 2C and T able I). In no case 
were melanocytes restricted to the basa l layer of the epidermis in 
fe tal skin equiva lents, and th ese melanocytes were frequently 
grouped (Table I). The mea n melanocyte basa l keratinocyre ratio of 
th e fe tal skin equi va lents taken as a group was 1: 3.3 (mean= 
0.303, Table I) . In contras t, Inelanocytes in neonatal skin equiva-
lents were found exclusive ly amo ng basa l cell s of the epidermis (Fig 
2D) in all sections except th ree, w here melanocytes were in supra-
basa l positio ns. Melanocytes in neonatal skin equiva lents were dis-
tributed sin gly and at a mean melanocyte: basal kera ti nocyte ra tio of 
approx imately 1: 31.2 (mean = 0.032, T able I). T he means of th e 
melanocyte/keratinocyte ratios among th e fe tal skin equiva lents 
and among th e neonatal skin eq uiva lents varied . H owever, th is ratio 
was consiste nt along th e length of a given skin equiva lent beca use 
th e standa rd deviations were small relative to the means. 
Ultrastructural Localization of Dopa-Oxidase Activ ity Ul-
trastructural examination of melanocytes from a fetal skin equiva-
lent showed well-formed Stage II-IV melanosomes (Fig 3). Dopa-
oxidase positivity is seen within Stage II melanosomes, identified by 
th eir characteristic internal crys talline structure, and in the trans-
Go lgi cisternae and Golgi apparatus. M elanin is seen in Stage III and 
IV melanosomes. 
Stage III and IV melanosomes, present in membrane-bound 
groups, w ere seen in several fie lds (Fig 3). These were interpreted as 
representing melanosome complexes w1thm the distal-most portion 
of melanocyte cell processes. One collection of Stage III and IV 
m elanosomes was present in the cytoplasm of a keratinocyte (data 
not shown) . 
Distribution of Melanoma/Melanocyte-Associated Antigens 
T able II summarizes the patterns of expression of the melano ma/ 
melanocyte-associated antigens used to stain kera tinocyte/melano-
cyte co-cultures, fe tal and neontal skin equiva lents, and fe tal and 
neonatal skin in vivo. The results fo r fetal and neonatalmelanocytes 
are grouped because no differences in expression were seen between 
th em under the conditions used in this study. 
Significa ntl y, in skin equivalen.ts t~1 e patte rn .of expressio n o f 
th ese anti gens closely para ll els th e 111 v1vo expressiOn, 111 contrast to 
the pattern of expressio n in vitro. For exa mpl e, fe ta ~ (Fig 4A ) and 
neonata l (Fig. 4B) melanocytes 111 co-cultures are stamed by M oAb 
that recognize G0 2 and G03 . T hese anti gens have not been de tected 
in fe tal (not shown) or neonatal (Fig 4C) skin equiva lents or in 
melanocytes in vivo. P97 and HLA-DR, w hich are present o n meta-
static melanoma [1 6] were not detected in co-cultures, skin equiva-
lent epidermis, or in vivo . C hond roi tin sulfate pro teog lyca n is var i-
abl y expressed among both keratinocytes and melanocytes in 
Table I. Melanocyte Density and Distribution in N eonatal and Fetal Skin Equivalents 
Number of Number of Number of Number of Suprabasa l 
Fields Groups' Melanocytes Melanocytcs Keratinocytesb 
Fetal 
SE1 5 8 15 44 
SE2 7 2 4 12 
SE3 10 5 9 51 
Neonatal 
SE1 10 0 0 12 
SE2 7 0 2 8 
SE3 7 0 1 4 
S£4 12 0 0 6 
SES 8 0 0 7 
Total 
Fetal 22 
Neonatal 44 
• A group represe nts three or more HMB-45-positive mclanocytes. 
' Number of kcratinocytcs represents the total of basal keratinocytes in a given number of fi elds. 
' Ratios were obtained by computing M/ K for each field. 
J Negative va lues we re rounded to 0. 
11 7 
129 
171 
246 
160 
153 
360 
239 
Mean of SD of 95% Confide nce 
M/K ratios' M/K ratios Intervals• 
0.401 0.317 (0.007, 0.795) 
0.087 0.122 (0, 0.200) 
0.404 0.482 (0.060, 0.750) 
0.047 0.028 (0.027, 0.067) 
0.049 0.05 1 (0.002, 0.096) 
0.025 0.023 (0.003, 0.046) 
0.017 0.01 8 (0.006, 0.029) 
0.029 0.045 (0, 0.067) 
0.303 0.382 (0.134, 0.472) 
0.032 0.034 (0.022, 0.043) 
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Figure 2. Jmmunopcroxidasc staining of mclanocytes w ith the MoAb HMB-4 5. D endritic melanocyres (arro ws) areevident in a monolayer co-culture offetal (A ) and neonatal (B) keratmocytes and mclanocytcs (Bar, 29 Jl). Fetal (C) and neonatal (D) sktn equtvalents statned wtth antt -HMB-45 anttbody show 
differences in melanocyte groupin g and position . Mclanocytes tn tl1e fetal skm .cqutvalent arc grouped and are positioned above the basa l layer (arrow). B ' 
comparison, mclanocytes (arrow) in the neonatal skin equivalent are found as stnglc ce ll s and are almost exclusive ly found in the basa l laye r (Bar, 7 fl) . 
monolayer co-cultures and is distributed exclusively in the basal 
layer of the epidermis of fetal and neonatal skin equival.ents (Fig 
4D,E) as well as fetal and neonatal skin (not shown) . Localiza tiOn of 
PG specificall y to melanocytes in the skin equivalents and in vivo is 
not possible without using a do uble-labeling technique because PG 
can be expressed among both keratinocytes and melanocytes. 
DISCUSSION 
There are distinct differences in the distributions of melanocytes in 
fetal and neonatal skin equivalents, yet each parallels the distribu-
tions in vivo. In particular, melanocytes in the fetal skin equivalent 
epidermis are grouped and positioned both basally and suprabasally 
as in normal fetal skin (1 ,2], whereas those in neonatal skin equiva-
lents are singly distributed with a strong tendency toward restric-
tion to the basal epidermal layer. This difference may refl ect a reca-
pitulation in the skin equivalents of cellular processes that normally 
function during development of the skin because both melanocyte 
distribution and density are initi ally dynamic and later become es-
tablished as the constant epidermal-mela'nin unit. Melanocytes are 
detectable in the epidermis by HMB-45 immunohistochemistry as 
early as 50 d estimated gestational age, peak in number at 12- 14 1 weeks EGA, and after 14 weeks EGA level off to a densiry in the 
range of that of the neonatal epidermis [ 1 ] . The early establishment 
of cell density and the distribution of fetal melanocytes in a non· 
random fas hion in the stratifying fetal epidermis led Holbrook et a\ 
(1] to suggest that the keratinocyte-melanocyte rel ationship func-
ti ons very earl y in development. Our results suggest that in the skin 
equivalent system , the fetal keratinocyte-melanocyte relationship 
may still be changing because the densities of melanocytes charac· 
teri sti c of neonatal skin and the basal position are not seen. A\·1 
thou gh we have not analyzed melanocyte density and distribution 
in skin equivalents maintained at the air-liquid interface for longet 
t·han 2 weeks, this system has the potential for long-term culturt 
[17] . Thus, we may be able to evaluate changes in the epidermal· 
melanin unit over extended periods of time. 
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Figure 3. U ltrastructural loca li za tion of dopa-ox idase activity in a fetal melanocyte from a skin equi va lent. Dopa-oxidase positive Stage II melanosomes and 
melanized Stage JII & IV melanosomcs (A). Dopa-ox idase positive trans-Golgi ciste rna (B). A group of membrane bound Stage III-IV melanosomes (C) is seen 
in a distal ce ll process and may represent melanocyte-keratinocyte melanosome transport. G: Golgi complex; large asterisks: melanosomes; small asterisks: 
presumptive premclanosomes Stage II ; arrows: dopa-ox idase pos itive trans-Golgi cisternae (magnification X 15,000; inset magnification X 34,000). 
The distributions of melanocytes within feta l and neonatal skin 
equivalen ts and their in vivo counterparts may be re lated to the 
compartmentalization of proliferative keratinocytes within the epi-
dermis. Whereas in normal neonatal and adul t epidermis mitoses 
are generall y restricted to the basa l compartment, in fetal epidermis 
there is proliferative activity in basa l, intermediate, and periderm 
cell s [18). Further evidence of a link between proli feration of mela-
nocytes and keratinocytes is that melanocyte: keratinocyte ratios 
remain constant through several passages of cu ltu re [1 9), and that 
bFGF, produced by prol iferative keratinocytes, is a growth factor 
for melanocytes [5) . 
Table II. Expression of Melanoma/Melanocyte Antigens in 
Fetal and Neonatal Melanocytes 
HMB-45 Reactive 
7- 1 0 kD Peptide 
G02 and Go3 from Melanoma PG 
Metas tatic +[15] + [1 2] [1 5] 
melanoma 
Keratinocy te/ + + variab le 
melanocyte 
Monolayer 
co-cultures 
Skin equi va lent + basa l• 
rafted 
In vivo + basal" 
• Basal: distribution on mclanocytcs could not be determined because PG stains both 
melanocytcs and kcrati nocytcs. 
The state of epidermal differentiation may also influence the 
position and abundance of tn~ lanccytes. I~ many respects both the 
feta l skin equivalent eptdern1ls and fetal eptdermts at 17 -weeks ges-
tation are less differentiated than neonatal epidermis. Although 
some of the biochemical cha nges associated with differentiation, 
such as synthesis of high-mo lecular-weight keratins, occur shortly 
after stratifica tion, the epidermis of fetal skin does not exhibit mor-
phologic ev idence of keratinization, i.e., formation of the granular 
layer and a stratum corneum unti l after 20 weeks of development 
[2). Similarly, fetal skin equ ivalent epidermis fa ils to form these 
epidermal cell layers under tl1e conditions used in this study. Fur-
th er, differentiation of the fetal epidermis in vivo involves changes 
in a number of cellular and extracellular molecules, including 
growth factors [20) , cell -surface components [21) , and basement 
membrane consti tuents [22]. Although the distributions of these 
molecu les have not yet been determined for the fetal skin equiva-
lent, they may function in organization of immigrant cells, such as 
melanocytes, within the ~tratifying, differentiating epidermis. Ex-
trace llul ar matn x, 111 particular components of the basement mem-
brane, ,11 c known to affect attachment and spreading of melanocytes 
[23] as ~ell as tl1e1r morphology and pigment production [24). 
Fu nctionally dtfferentlated (Dopa-oxidase positive) melano-
somes are present within both mela11ocytes and keratinocytes in the 
skin equiva lents. Melanos01ne transfer to keratinocytes may have 
occurred either in our monolayer co-cultures prior to formation of 
the skin equiva lent, or in the skin eq uivalent epidermis. Melano-
some transfer is not the focus of this study, but the skin equivalent 
system may be appropriate to study this aspect of the keratinocyte-
melanocyte relationship because me lanosome transfer is known to 
occur (25]. 
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Figure 4. lmmunoperox idase staining w ith a MoAb directed aga inst t h~ 
disialogangliosides, G 0 2 and G03 , identifies these melanoma/melanocyte· 
assoc iated antigens on melanocytes in both fetal (A) and neonatal (B) co-cui· 
tures ofk eratinocytes and melanocytes (arro ws) . N o stainin g with this MoAb 
was detected in frozen sections o f neonatal (C) o r fetal skin equiva lents (dan 
not shown). The cho ndroitin sulfate pro teoglycan (PG) is strongly ex· 
pressed throughout th e basal cell layer in sectio ns of bo th fe ta l (D) and 
neonatal (E) skin equi va lents (Bar, 30 Jl) . 
